 Present work proposes a new methodology for removal of noise (artifacts) from the micrograph, which normally poses a problem during segmentation of phases and measurement of their volume percentages. Segmentation of the phases is one of the primary steps towards quantification of microstructures. Dual-phase steel micrographs, generated from light microscope, consisting of ferrite (white) and martensite (black) phases are segmented by implementation of Otsu threshold algorithm, a well-known threshold algorithm of digital image processing. After thresholding, the noise removing algorithm is applied in different modes. The obtained results are compared with the findings of a commercial metallographic image processing software (Axio Vision). The proposed scheme is found to segment ferrite-martensite dual-phase micrographs successfully.
INTRODUCTION
The performance of any material depends on the composition and processing resulting to the microstructure. Therefore, proper segmentation of phases in the micrographs and their quantification are important aspects for the characterization of materials. Among the existing techniques of direct microscopic observations and image collection, viz. optical microscope, scanning electron microscope (SEM) and transmission electron microscope (TEM); optical microscopic techniques are still widely used for primary examination of the microstructural features of materials. The collected image from this technique is also used widely for quantification of phase content. The steps in standard image analysis of microstructure are image acquisition, segmentation of phases and quantification. The digital images of microstructure contain various phases which need to be segmented based on their Tanusree Dutta 1,a , Siddhartha Banerjee 2,b , Sanjoy Kumar Saha gray level intensities. The images developed through optical microscopy normally have presence of noises in the form of artifacts generated during the etching process or due to the presence of impurities in the materials. These noises actually cause hindrance in the segmentation process and may responsible for the generation of unreliable results. Therefore, a method to identify such noises in the microstructure and remove them before the quantification of the segmented phases is of both scientific and commercial importance.
Different aspects of analyzing microstructure have been addressed by several previous researchers. Gauthier et al. [1] have offered an automated method for segmenting WC grains in the Co matrix on the basis of a two stage algorithm. Initial segmentation has been done based on gray level threshold and morphological gradient filter, which is followed by a series of concerned processing to remove the grain boundaries. Microstructural parameters such as size distribution, nearest neighbor distance distribution (NND), number density, average size, average NND, area fraction and clustering tendency have been obtained by image analyzing algorithm for separation and quantitative characterization of different M g17 Al 12 phase in the long term annealed and high pressure die cast magnesium alloys [2, 3] . Classification of phases of an alloy has been tried by neural network [4] . The analysis includes volume fraction, grain size analysis, inclusion rating, porosity, particle size, morphology etc. The outcomes obtained from such analysis have vast importance not only for material characterization, but also for industrial production with effective quality control [5] [6] [7] . For quantification of chunky graphite [8] and volume fraction of phases in titanium alloys [9] , the stereological analysis technique is successfully applied. The accuracy of subsequent measures relies on the performance of the underlying segmentation scheme.
Dual-phase steels are identified as a class of high strength low alloy steels designated by a composite microstructure constituted by hard martensite particles dispersed in the soft ferrite matrix [10] [11] [12] . In addition to the high tensile strength, dual-phase steels are characterized by continuous yielding behavior, low yield stress, favorable yield strength to tensile strength ratio (~0.5) and a high level of uniform and total elongation values with a high work-hardening coefficient [11] [12] [13] [14] . The combination of all these properties has made dual-phase steel as an attractive material for weight saving application in automobile industry [10] [11] [12] 15] . Development of superior dual-phase steels requires information about the microstructural parameters and their correlation with mechanical peroperties. In this direction, first step is to extract reliable information of microstructure by automated image analyses. However, research related to the automated image analyses of dual-phase microstructure is scanty. Recently, Banerjee et al. [16] have proposed an automated scheme for segmentation of phases in SEM micrograph of dual-phase steel. These investigators have claimed that the proposed scheme successfully discriminates between the grain boundary and a phase in spite of strong similarity in the grey level values. Burikova and Rosenberg [17] have demonstrated the influence of etchant on image analyses of microstructure of dual-phase 600 steel. In the present work, optical micrographs of dual-phase steel are segmented and an algorithm is developed for removing the noise of the segmented images. A comparison study of the area fraction measurements is also done between the existing software and the new algorithms.
MATERIALS AND METHODS
A low-carbon microalloyed hot-rolled steel bar has been selected for the present investigation. The chemical composition of the steel as determined by spectroscopic method is presented in Table 1 . The microstructure of hot rolled steel is consisted of ferrite-pearlite. In order to develop ferrite-martensite dual-phase microstructure by intercritical heat treatment, the critical temperatures of the chosen steel have been determined first by employing popularly used Andrew's empirical equations [18] . The estimated upper critical temperature (AC 3 The samples for microstructural characterizations have been prepared by standard metallographic technique and etched using freshly prepared 2% nital (98% C 2 H 5 OH +2% concentrated HNO 3 ) solution. Microstructure of heat treated specimens has been examined using optical microscope (Carl Zeiss: Axiovert 40 MAT) and digital images have been recorded at different magnifications. Volume percentages of different phases have been determined using Axio Vision commercial software following standard procedure. Tensile tests have been performed on flat specimens of 25 mm gauge length at room temperature by using a computer controlled Instron 8801 machine with attached extensometer at a crosshead velocity of 0.5 mm/min as per ASTM standard (ASTM: Vol.03.01:E8M-96).
A representative optical micrograph of heat treated steel is depicted in Fig. 2 . It exhibits two distinct regions: near uniform distribution of small island-type back regions of martensite and white polygonal shape regions of ferrite phase. The pearlite regions of the initial ferrite-pearlite structure are transformed to austenite during intercritical annealing in the ferrite-austenite two-phase region (Fig. 1) . The water quenching after intercritical annealing results in the transformation of austenite to martensite generating final microstructure consisting of ferrite-martensite phases [19] . Results of tensile test reveal continuous yield behavior of the heat treated steel which is a characteristic of dual-phase steel [20] . This observation also reaffirms the generation of ferrite-martensite microstructure. The measured yield strength, ultimate tensile strength, uniform and total elongation values of the heat treated steels are found to be 533 MPa, 843 MPa, 8.2% and 15.8%, respectively.
For removal of noises and segmentation of ferrite-martensite dual-phase microstructure, the methodology followed in the present study consists of following sequence:
1. Thresholding by Otsu 2. Component labelling to obtain the initial regions 3. Final segmentation of the phases In another approach, morphological opening has been applied after thresholding and thereafter remaing steps are followed.
THRESHOLDING BY OTSU
Development of an automated segmentation approach of image processing utilizes images captured under different conditions/settings following different segmentation and noise removing techniques. In the proposed work, the optical micrographs are binaries by Otsu thresholding technique [21] . In Otsu method, the threshold is selected by nonparametric and unsupervised manner. This is an automatic threshold selection technique from gray level histogram. It is an iterative process through all the possible threshold values and finds a measure of spread for the pixel levels each side (background and foreground) of the threshold. The final threshold is the minimum value of the sum of background and foreground spreads. In this method, the weight, mean variance and within-class variance are calculated for all possible thresholds, and then the threshold that minimizes the weighted within-class variance is estimated. In the proposed work, Otsu method is implemented for segmentation of dual-phase steel micrographs, because this threshold technique is very simple and faster. The segmented image is presented in Fig. 3 corresponds to the initial image as shown in Fig. 2 . 
COMPONENT LABELLING
In the thresholded image, black blobs correspond to martensite phase and white correspond to ferite phase. Such black and white regions are consider as initial segmented phase components. On each component final processing is to be carried out. To identify each such component, they are labelled by the process of component labelling [22] .
FINAL SEGMENTATION
For final segmentation, white (ferrite phase) components are processed. To obtain a closed boundary of an object (equivalent to phase in the present context), the concept of pseduo convex hull can be utilized [23] . This has also been customized earlier by Banerjee et al. [16] . In this work, similar broader framework has been followed. A component is approached from the border of its bounding box in various directions. Based on the diffrent combination of the outputs of directional traversal, the segmentation is done. To generate the closed and orthoconvex contour of the ferite phase components, the components are traversed in horizontal (Fig. 4(a) ) and vertical directions (Fig. 4(b) ) seperately. In addition, traversal outputs from horizontal and vertical directions are combined through AND operation. The image after removal of noise (artifacts) by both horizontal and vertical traversals is shown in Fig. 4(c) . It may be noted that the black blobs trapped in the white blobs are mostly removed. 
MORPHOLOGICAL OPENING
Mathematical morphology is a tool for extracting the objects of an image that are used to represent and describe the shape of a region. Morphological techniques are also used for pre-and post-processing such as morphological filtering. Morphological process explores an image with a template called structuring element which is a small matrix of pixel each with a value of zero or one. The four basic morphological operations are erosion, dilation, opening and closing [24] . This work mainly concentrates on morphological opening operation which is defined as erosion followed by dilation using the same structuring element. In dilation, the components are expanded, while in erosion the components are diminished. It has been observed that noise removal by horizontal and vertical traversal using thresholded image leads to merging of white (ferrite) regions within a closed neighbourhood. Therefore, morphological opening operation has been attempted on thresholded images (Fig.  5(a) ). Subsequently, the developed image has been subjected to noise removal by horizontal plus vertical traversals (Fig. 5(b) ). However, the black (martensite) regions is found to enhanced by this combined process.
(a) (b) Figure 5 . Images after (a) morphological opening and (b) morphological opening followed by noise removal using horizontal plus vertical processing.
RESULTS AND DISCUSSION
The Otsu thresholding of a dual-phase microstructure (Fig. 2) shows that the algorithm is efficient enough to segment ferrite and martensite in the microstructure from their gray level values (Fig. 3) . But it is clearly visible that several noises in the image, probably artifacts developed during etching, are also converted to black, i.e., identified as martensite phase. As discussed earlier, this necessitates the requirement of noise removal. The noise removal algorithm described above is applied to the segmented image, as depicted in Fig. 4 . It can be seen that when the above algorithm is applied only in the horizontal (Fig. 4(a) ) or vertical (Figs. 4(b) ) direction, the images are distorted to a certain extent. Furthermore, with the removal of noise, some martensite regions are also removed, which is revealed in the lesser volume percent of martensite shown after the noise removal in above two methods (Table 2 ). It may be noted here that volume percent of martensite phase is determined from all the stages of image processing. These results are summarized along with the same obtained using Axio vision software in Table 2 . Fig. 4(c) shows the better version of the microstructure with proper representation of the segmented image removal of the noise, where the algorithm is applied in both vertical and horizontal directions.
When morphological opening algorithm is applied on the image segmented by Otsu algorithm (Fig. 2) , the resulting image seems to have increased the black zones ( Fig. 5(a) ), and thus the martensite volume percent has increased significantly ( Table  2 ). This increase in the martensite zone can even be noticed via eye estimation. When the noise removal algorithm is applied after morphological opening, the black zone seems to grow further (Fig. 5(b) ) resulting in higher estimated value of martensite content ( Table 2 ). Martensite content is also estimated using commercial software which is only based on segmentation as the software does not have any noise removing mechanism. The obtained results reveal the similarity in the estimated volume percent of martensite when noise removal algorithm in both the directions is applied on segmented image. This seems to be logical from the aforesaid discussion. Another four sets of optical microstructures of the same dual-phase steel are treated with same methods and their calculated martensite content at different stages of processing, along with the software analysis data are compiled in Table 3 . Here also it is seen that the images after Otsu segmentation and then noise removal in both direction provides more logical results than the other processing options. Figs. 6 show the four microstructures in the original image, after Otsu segmentation and after the acceptable noise removal processing. 
CONCLUSIONS
The major conclusions derived from the obtained results and their pertient analyses are:
 Otsu segmentation process is capable enough to segment two phases from their gray level intensities.
 The morphology opening method is not found to be effective to segment ferrite-martensite microstruture.
 The proposed noise removal algorithm can efficiently identify and remove artefacts related noise from the micrograph, particularly the simultaneous removal in the horizontal and vertical directions among other approaches. The assistance received from the Centre of Excellence on Microstructurally Designed Advanced Materials Development, TEQIP-II, IIEST Shibpur to carry out a part of this work is gratefully acknowledged.
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